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CONCENTRATE AND FIRE - EXTINGUl SHI NG AGENT PRODUCED FROM IT 
1 "i ng information is derived from documents subm.:tted by the 



specificat:c;n 



The ir/.'entiDn concerns a foarr. fire-extinguishing agent. Foam is an in- 
a.spensaclc- C:;-:r : nz;ui shi ng agent ror f:res of classes A and E for f-ghtmg 
fjres w:rr. tr;5 use ot a liquid foam extinguishxng agent based Dn a fcair. con- 
centrate. Foam IS composed of v;ater, the foam concentrate, and air. 

In tne case of fire class B, fires of f oam- destroy! ng liquids can be ex- 
t^ingu^snec only witn the use of certain special foam concentrates. Foairs- 
destroymg quids are essentially polar liquids that dissolve the foam. 

These special foam concentrates are referred to as alcohcl - resistant foam 
concentrates (ARC.) due to the ability of the foams produced from them to ex- 
tinguish alcohol fires. The characteristic components of ARC'S are water- 
soluble polymers, usually polysaccharides of the xanthan gum type (which we 
shal- refer to simpl\' as xanthan gum), which form a solid layer of polymer on 
fires of toair.- destroying liquids. The polymer layer spreads out over the sur- 
face of the liquid and protects the foam from destruction. Xanthan gum is a 
polysaccharide secreted by the bacterium. Xdiilhon-ionas campestris . 

The foam, concentrate is mixed with water in concentrations of 3-6 wt , % , 
depending on the type of concentrate, and the foam is produced with the use of 
suitable foam, tubes. The other components in 

■a- ARC'S based on synthetic surfactants are hydrocarbon surfactants, 
: 1 uc- :. nav eo f?.;:r r a ct anr s , glycols, and glycol ethers, and in 

ez: crorein procured by digest: or; crc;:e:n 
y r ^ u C- 1' n 5 1 e c sun a c r a n i £ , ?. r 2 ': n y \ c . . T c a 7. 

s are used, the fcam. form.s an aqueous film, on 



a re met a ... sa . t s , 



xucr mated surfactant 



Dies sr-called filx formation). 

S:nce type .a' has by far the greater irr.portance, we shall be concerned 
zc aisc-^ss fi^arr. concentrates of this type. 

rcHT. rcncent rates of type ta* must be mixed v;ith water m amounts of at 
least I -A't . r for use on alcohol fires. Until a few years ago, the only foam 
concentrates that were known had to be mixed in amounts of at least 5 wt . % foi 
use on fires of foam- dest roving liquids. Foam concentrates were later devel- 
oped v;h:cn v/ere approved for extinguishing fires of foam.- destroying liquids i 
concentrations of only 3 wt . % . We shall refer to these types of concentrates 
as ARC 3^-3. 

Tne gene2-al disadvantage of ARC 3x3 concentrates is their high viscos- 
ity. To De ab^e to create a stable polymer layer when extinguishing fires of 
foam-destroying liquids, the foam concentrate must contain a certain minimum 
concentration of 'water-soluble polymer. This very high concentration signifi- 
cantly reduces the fluidity of the foam concentrate. The foam concentrate is 
a non -Newtonian fluid, i.e., the viscosity depends on the state of motion of 
the fluid. in practice, this means that, especially at low temperatures, the 
mixing of tne foam concentrate with the extinguishing water presents problems 
in T.ix.nq s /stems that do not have m.e rhan: ca 1 ly forced mixing, so that the 
minimurr. r.ixing concentration necessary to achieve a reliable extinguishing ca- 
pa c i t y : s n :« t ass u r ed . 

. ' . : :■ . . rv;: ng appr^-arnes ha/e been taken to si./e t r: : proc^er:;: 

an e:-:re:7r c I ' - outcxyetinox\* e than :>1 or certain water - sci. ub.i e anionic po : y 
m.ers . Of course, this is accomplished at the expense of the aging stability 
f h',.- * • ..:\:t. --r n r^en t r a t e . f t e r comp 1 e t i on of the t he rm.a ] cy cling test in a c - 



tne 

prL)djr.ino extinguishing foarr. fcr extinguishing fires of f can.- dest rcying liq- 
uids. 

1 . Ar r emp t s to rep lace v;a t e r s c 1 ub 1 e pel yme r s v; i t h 1 i qu - d r::l >: t u r e s o f 
soVu*. :ons of certain fiuorinated surfactants, e.g., amino acids with per- 
fiuoroalky.l radicals, resulted in very low viscosities but failed to achieve 
reiiab'. e extinguishing capacity on polar liquids in accordance with DIN 
14 , 2 ^ . 

3. Tne necessary concentration of polymer was also reduced b\' addition 
of alky] mono , oligo-, and/or polyglucosides , which lowered the viscosity. 

Alkyl ylu^osides also interact with the xanthan gum, probably by conden- 
sation polymerization, so that a positive effect on the stability of the poly- 
mer .ayer and thus on the extinguishing capacity of the foam is to be expected 
and can also be achieved to a certain extent. However, it was not previously 
known v;hicn specific alkyl mono-, alkyl oligo-, or alkyl polyglucoside pro- 
duces the most distinct advantages for these purposes. 

"he goal ot the invention was to find a specific alkyl mono-, alkyl 
oligo- or alk\'l polyglucoside which optimizes the extinguishing capacity of 
the foam, and lowers the viscosity. This goal is achieved with a foam concen- 
trate v; i t h the foil owi ng compos i t i on : 
■A' distilled water, 



1 nar ed surfactant solution that does nut nave a ri.a: T 



H X sr. mar. guT. . 

:i /.as rcu::a that the alkyl monog.luco5ide sciurion enters into an opt^niurt 
:nrerart:on v;:tn a polysaccharide, e.g., xanthan gurr. . 

Chararr er-i St 1 c properties are 
a' for steric reasons, the chain length of the alkyl radical on the glu- 
ccsiae in G may not be too long (C6 and CIO); 

ID tr.e same chain length of the alkyl radicals of the hydrocarbon sur- 
factant in : F and of the a'l ky] glucoside in (G) produce constructive interac- 
tion: and 

' c . f I'T Steric reasons, a more effective interaction with the xanthan gum 
is achieved with aiKyi monoglucos i des Lhdii v^ith alkyl oligo or polygluco- 
sides - 

Conse:ruentiy , the foami concentrate ARC 3 x 3 is optim.ized with respect to 
reduction z>f tne viscosity and improvement of the extinguishing characteris- 
tics. 

The foam ::oncentrate of the invention has the following advantages: 

Tne time required for the foam, to extinguish the flames of an isopro- 
panol fire is onl\' about 5C% compared to foams based on foam concentrates that 
do not contain the specified alkyl monoglucos ides but do contain other alkyl 
glucos 1 des . 

2. TnC' xanthan gum cc-ntent can be reduced to about 40V without reducing 



mer-^vire ica:r ::oncenr rat es . 

4. ::iue tc^ the low viscosity and the lov; crystallization temperature, the 
!!=;•'" rin:-'-::: t heo re t : ca ] I \- can oe mixed without fci'ced m:x:na, even at 



E x_anip le 1 

Tne aqueous fcair: extinguishing agent has the following composition: 

1.14?* n:st:-!od v;ater, 

i . c^i'r e t hy 1 ene y 1 o 1 , 

C . 1 5 : r 2 - ; 2 ' -butoxyethoxy ; ethanol , 

0.42:1: fluorinated surfactant solution that has a film- forming effect, 
:.:05V f.luorinated surfactant solution that does not have a f i Im - forming 
effect, 

0.34 5% hydrocarbon surfactant solution, 
0.13 5% alkyl monoglucos ide solution, 
: . 04 5% xantnan gum., and 
97% extinguishing water. 

■;Note 1: Here and below, all values in wt . % ; the mass of the air con- 
tained in the foam is disregarded.) 

iNot-: 2: Tne fluorinated surfactant solution that has a f ilm.- forming ef- 
fect IS comimercial iy available, e.g., under the nam.e Light Water Fr-3041 
AFFF . ■ 

The extinguishing agent is produced by diluting a foam concentrate to 3 
wt . t m water. Testing in accordance with DIN 14,272 yielded the following 
resul t s : 

r -ar . nc ^kc ■ : : C . 5 



'acia: tension against cyclohexane thereinafter: inter facial ten 



?.e'.azi\-e r.inemaric visccsiry of the foam concentrate according to Ubbe- 
1 ona e rr.rr " s at 2 0 ^ C , c ap i 1 1 a r y tube v.'ith factor 5.C23: 9 0-160 

Pe.ative Kinematic viscosity of the foam concentrate according to Ubbe- 
:ohde T.rr- s at -15 = C, capillary tube with factor 5.023: 3,37C 

Extinguishing capacity- in a 4-m.^ tank in accordance with DIN 2 4,272, 300 L 
of isoprocwi alcohol, preburning time 120 s, application rate 5.7 L/mr»min 

9C: ^ check < S) : 5 0 

Eixt 1 nguishmg time (s) : 5 5 

Fesistance tC' reignition: 10 minutes after placement of the reignition 
vessel, no signs of reappearance of flames could be observed. 

One liter of the foam, concentrate was subjected to a thermal cycling test 
in accordance with DIN 14,272 to simulate a foam concentrate aging process. 
The foam, concentrate was then tested as described above. 

F Darning number (L/kg) : 10.6 

Water half-life (minutes): 25 

Sjrface tension (ml^J/m) : 18.3 

Interfacial tension (mN/m): 1.8 

Relative kinematic viscosity of the foam concentrate according tC' Ubbe- 
lohde >mm-/s; at 20^C, capillary tube with factor 5.023: 150 

P.elati\'e kinematic viscosity of the foam, concentrate accora^ng to Ubbe - 
lohae m.T:-;S' at -15^C, capillary tube with factor 5.023: 3,130. 

Example 1 

7:-;e .K.r^eous foam ext : ngu ■; f;h ing agent has the foilov;:ng composition: 
l.^Cr'- d;stii;ed water, 



:-.41CV f ] uor inated surfactant solution that nas a f i Im- forming effect, 

f.uor:nared surfactant solution that does not have a film-fGrx:ng 

effect , 

C.::~C^ nydrocarbon surfactant solution, 
C.!".:^ air:;/: TT.onoglucoside solution, 
C.c:::% xanthan gum, and 
:5 7r exr ingui shing water. 

The extinguishing agent is produced by diluting a foam concentrate to 3 
wt . % water. Testing in accordance with DIN 14,272 yielded the following 
resul t s : 

Foaming number (Li/kg) : 5.5 

Water ha If -life (minutes) : 15 

Me.ltmg point of the foam concentrate (°C/ : -20.5 
pH of the foam concentrate: 6.5-7.5 

Relative kinematic viscosity of the foam concentrate according to Ubbe- 
lohde (mm'/s. at 20=C, capillary tube with factor 5.023: 2,700-2,800 

Extinguishing capacity m a 4 -m" tank in accordance with DIN 14,272, 300 L 
of isopropyl alcohol, 12 0 s preburning time, application rate 5.7 L/mr^min 

90V checri ■ s ' : 4"^ 

Extinguishing time (s) : 54 

Resistance to reignition: 10 minutes after placement of the recognition 



Example 3 

T:;e aqueous fcarr, extinguishing agent has the following composition: 



: . : 4 % 2 - ; 2 ' - bu t cxy e r he xy e t hano 1 , 

fluDrmal-ed surfactant solution that has a f i Irr.- f orTi r.g effect, 
fluorinated surfactant solution that does not have a f i lir.- f crT.ing 

g "f feet 

0.34 5V h\'drocarb3n surfactant solution, 
C.1&G% alKvl monoglucoside solution, 
C.C2:^. xanthan gum, and 
9^V extinguishing water. 

Tne ext : ngui shing agent is produced by diluting a foam concentrate to 3 
wt . % in v;ater. Testing in accordance with DIN 14272 yielded the following re 

SU 1 tS : 

Foaming number (L/kg): 9.5 
Water half-life (minutes): 15 
Surface tension (mN/m) : 18.5 
Interfacial tension (miW/m) : 1.5 
pH of the foam concentrate: 6.5-7.5 

Re]ative kinemiatic viscosity of the foam concentrate according to Ubbe- 
lohde mm- 's ' at 20°C, capillary tube with factor C . 09'^5: 27-36 

Relative kinematic viscosity of the foam concentrate according to Ubbe- 
lohde •,mm'/S; at 0°C, capillary tube with factor 0.0975: 80- 90 

Relative kinematic viscosity of the foam concentrate according to Jbbe- 
:oh:ie :-T- i' at :[:=C, capillary tube with factor C.09"B: 220 ::;: 

. J . r :\ : rapacity in a 4 m* tar:k .in acccraanre v." : :: :i .4,^^.., ^ ^ 



tior. vesse^ . 

Mixabilitv 

T:.e ::;a'r. concentrate was maintained at -:0^C for 24 h. The effective 
mixing c: tne cooled foam concentrate was then determined v;ith a DIN m,ixer, 
type Z 1, cal iorated with water to 3%. The effective mixing was 3.0%. 

One liter of the foam concentrate was subjected to a thermal cycling test 
in accordance with DIN 14272 to simulate a foam concentrate aging process. 
The foam concentrate was then tested as described above. 

Foaming number (L/kg) : 10.0 

Water half-life (m.inutes): 1/ 

Surface tension (mN/m) : 17.8 

Interfaciai tension (mN/m): 1.8 

Relative kinemiatic viscosity of the foam concentrate according to Ubbe- 
lohde ;mm-/s:] at 20°C, capillary tube with factor 0.0975: 30 

Relative kinematic viscosity of the foam concentrate according to Ubbe- 
lohde imm-/s.i at O^C, capillary tube with factor 0.0975: 89. 

Example 4 

'^he aqueous foam extinguishing agent has the following composite Dn: 

" . Z 4 ■? '■ G t i i ! ed wa t e i , 

: . ^ : f -jcrinated surfactant solution that 
C.C9CV fluorinated surfactant solution that 



has a film form.ing effect, 
does not have a film- forming 



ef ^e: 



C.l'-5^ alK\'l rroncg luces ide solution, 
^..0-^5* xanthan garr. , and 
9'"V extinguishing water. 

Tr.e extinguishing agent is produced by diluting a foam concentrate to 
v;t . r :n v;ater. Testing in accordance with DIN 14,272 yielded the following 
result G : 

FcaT.mg number ;L.^kg': 10. C 

v;ater half-life {minutes) : 28 

^■;e:t:lng point of the foam concentrate C^C) : -20.5 
pH of the foam concentrate: 6.5-7.5 

ReldL^ve kinematic viccocity of the foam rnnrent-rate according to Ubbe 
lohde ;m.m-/s:- at 20°C, capillary tube with factor 5.023: 1,200-1,700. 



CLAIM iS; 

1. A foair. concentrate for f i re - ext mgui shing purposes, xhich has tne 
fo]lcv;ing cor:^.pc£ i t ion : 

•A distilled water, 
■E ethylene glycol, 
. C 1 - : Z ' -cutoxyethoxy ) ethanol , 

'. D ' f:uor.:nated surfactant soluLion that has a f i Im- forming effect, 
irl'-- fluorinated surfactant solution that does not have a f i Im- forming ef- 
fect , 

[F. hydrocarbon surfactant solution, 

iG' alkyl monoglucos ide solution, and 
i H ■ X an t ha n gum . 

2. Foam concentrate in accordance with Claim 1, characterized by the 
fact that the components have the following compositions: 

(3) ethylene glycol, > 99% 

C; 2 , - (2 ' -butoxyethoxy) ethanol , > 99% 

(D) a fluorinated surfactant solution that has a film-forming effect, 
with the following composition: 

3 6% 2- ( 2 '- but Dxyethoxy) ethanol , 
36% dist:lled water, 
15-20% f luoroal iphat i c surfactant, 
:.: ■; ■: t ryr.t:vrt:c surfactant: 

e r r e c t , v.* 1 1 n t n e r :: j. 1 ov; ; ng c ompo siz i on : 
"6r distilled water, 
■t •* 1,1 d 1 met hy 1 e t h a n o ' , 



R.-CH:-CH:-S- [ CH—CHCOOH-j lCH—CHCONH--] 
where R- :s a spectruT. of perf luoroalkyl radicals frorr. C,F-^. to C_F., v.-:th a 
maxinur-. at C..r;: and x t- y = 30 and x/ :x + y) = 0.2, [This is rather goofy, 
sir.C'i r.hir- :::ear.s ;•: = 6 and y = 24, so why bozher wizh zhe x and y if zhey are 
conszanzi:. and nor variables? -~ Tr , Ed.] 

.? trie hydrocarbon surfactant solution with the following composition: 

E 9t: water , 

:j3-f Bodiun n-decyl sulfate, 
18% sodium n-octyl sulfate 

(G; the alkyl monoglucoside solution with the following composition: 
24-2"^^ n-octyl - a - r.'-glucoside , 
24-27% n-decyl -a-D-glucoside , 
46-54% water 

(H' the xanthan gum with a maximum of the grain-size distribution at 180 

um . 

3. Use of tne foam concentrate in accordance with Claims 1 and 2, with 
the following com;position : 

3C-40* distiiied water, 
B-25^- ethylene glycol, 

C-10% 2- : 2 ' - butoxyethoxy ) ethanol , 

10-29% fluorinated surfactant solution that has a film- forming effect, 
:-3! . or : ::a ted surfactant solution that does not; na\*e a f : Itt- forcing 

2 S ci': f. \' ^ lllOllUO 1 UCOS j dt: bolLitiUJi, 

: . 2 ■ : . xart han gum, 



